Abstract. Leaves from Millettia specisoa were used as explants to induce callus. The results indicated that the formation of callus from M. specisoa leaves could be promoted by increasing appropriate concentration of AgNO 3 into the basal medium, while elevating concentrations of casein hydrolysate and CuSO 4 did not improve the callus induction rate and the production of callus was inhibited. This study laid a preliminary foundation for the regeneration system establishment of M. specisoa.
Introduction
Millettia specisoa Champ., which belongs to the Faboideae in legume, mainly distributed at Guangdong, Fujian, Guangxi, Hunan, Guizhou and Hainan province in China and other places [1, 2] . It has the effect of strengthening the body, invigorating the blood and moistening lung; moreover, it is clinically proven in medicine that M. specisoa has a certain effect on chronic diseases such as tuberculosis and rheumatoid arthritis [3] , which is a famous plant dual-used as food and drug in south China [4] .
As an important medicinal plant, M. specisoa is extremely high economic value. However, at present, M. specisoa is principally distributing only in the grow wild. And M. specisoa in the grow wild primarily propagates by seed, but the seed survival rate is fairly low, and there are so many problems in cultivation and planting of M. specisoa such as slow germination, slow growth and low reproductive rate that the output can not keep up with the demand of people [5] . Furthermore, due to the lack of high-efficiency and rapid propagation methods in M. specisoa, mass production cannot be carried out smoothly, caused that the economic benefits of planting M. specisoa are not high. Therefore, it is extremely urgent to use plant tissue culture technology to rapidly propagate materials.
At present, although rapid propagation of tissue culture by using M. specisoa seeds has been reported, the regeneration efficiency is extremely low and the culture period is comparatively long [6] . There are also some studies on the tissue culture of M. specisoa with stems as explants, but most of them gain higher pollution rate, severe browning or less callus. Because many leaves in M. specisoa, which can be obtained suitably as explants for tissue culture, whence the establishment of vigorous tissue culture regeneration system with young leaves as explants may be made the attempt. If it becomes successful, there is a major breakthrough in scientific research and bringing huge economic benefits and food value to people.
In order to establish an efficient and vigorous leaf explant regeneration system in M. specisoa, establishing a good callus induction system is a crucial step. Therefore, in the present study, the young leaves of M. specisoa were selected as explants. In order to establish a better system of induction callus formation from leaf explants in M. specisoa, different additives were added in the mediums to explore the callus formation effectiveness. The induction system provides a reference for the establishment of efficient tissue culture regeneration system in M. specisoa, which lays a foundation for large-scale cultivation and genetic improvement of M. specisoa.
Materials and Methods

Preparation of Leaf Explants
The young leaves from adult superior trees of M. specisoa were surface-sterilized for 60 s with 75% (v/v) ethanol, immersed in 2% (v/v) sodium hypochlorite (NaClO) for 20 min and finally rinsed 5 times in sterile distilled water. The veins were removed from the young leaves, and the sterile leaves were excised into little square of about 0.5 × 0.5 cm with sterilized scalpels to acquire leaf explants.
Different Factors on Callus Using Leaf Explants of M. Specisoa
For inducing callus, leaf explants were inoculated on MS medium [7] 
Preparation of Culture Medium and Culture Maintenance
Uniform culture conditions were applied in all experiments. Mediums used in our experiment contained 2.5% sucrose and 0.7% agar that were adjusted to pH 5.8-6.0 with 1 mol/L NaOH, and then being autoclaved at 1.4 kg cm-2 for 20 minutes. All culture treatments were kept at 25 ± 1°C under a 12 h photoperiod of 60-80 μmoL m-2s-1 intensity (cool white fluorescent tubes).
Evaluation of the Results and Data Analysis
All experiments were based on a completely randomized factorial design and repeated three times with 25-30 replicates per treatment. Statistical analysis of the data was carried out using SPSS 17.0 software, and data in the same column followed by different letters were significantly different at p ≤ 5% level as determined by Duncan's multiple range test. The results were expressed as means ± SD (standard deviation) of three independent experiments. Induction rate of callus = (Number of explants with callus differentiation/total explants) × 100%.
Results
Influence of AgNO 3 on Callus Induction from Leaf Explants of M. Specisoa
The concentration of AgNO 3 in the medium influenced the response of callus induction clearly (Table  1) . Of the different concentrations of AgNO 3 (0, 3.2, 6.4 and 12.8 mg/L) tested, the the highest percentage of callus induction (100%) were observed when 3.2 mg/L BA was applied (Table 1) . 
Effects of Vitamin C (VC) on Callus Induction from Leaf Explants of M. Specisoa
The results shown that VC was not significantly influenced the response of callus induction from leaf explants of M. specisoa (Table 2 ). When 0-12 mg/L VC was added in the mediums, and the callus induction percentage were achieved with not too much difference (83.33-90%) ( Table 2 ) . 
Results of Casein Hydrolysate (CH) Concentration on Callus Induction from Leaf Explants of M. Specisoa
Date summarized in Table 3 and Figure 1 indicated that CH supplemented into the medium had passive effects, inhibiting the induction rate of callus. When 300 mg/L CH was applied, the the lowest percentage of callus induction (34.44.%) were gained (Table 3 and Figure 1 ). 
Induction of Callus from Leaf Explants of M. Specisoa by Treated with CuSO 4
The responses of callus induction were significantly influenced by the concentrations of CuSO 4 in mediums ( Table 4 ). The application of 0-1 mg/L CuSO 4 resulted in the highest percentage of callus induction (80-86.67%) (Table 4) . However, when CuSO 4 was used at concentrations higher than 1 mg/L, the percentage of callus induction was dramaticlly decreased (Table 3) . 
Discussion
Studies had shown that at a certain concentration (20 mg/L), AgNO 3 had a obvious effect on the callus induction of young embryos in Paeonia suffruticosa, and the quality of the induced callus was very good, and the browning rate was quite low [8] . The results of our study demonstrated that as the concentration of AgNO 3 increased, the promotion of callus formation of M. specisoa began to weaken, but the induction rate could still reach more than 90%. This may be due to the different sensitivities of different plants to AgNO 3 .
The vitamin C (VC) had a prominent inhibition effect on the browning of callus of Corydalis saxicola [9] . Studies had also shown that VC could alleviate the adverse effects of salt stress on callus formation in soybean (Glycine max), thereby improving callus induction [10] . The results of our experiment shown that VC had no obvious effect on callus induction of leaf explants in M. specisoa, which might be due to the lower concentration of VC used in this experiment.
The callus induction of blackberry (Rubus plicatus) could be significantly promoted at low concentrations of hydrolyzed casein (CH), but when the concentration was greater than 300 mg/L, CH had a certain inhibition effect on the induction of callus [11] . In addition, it was found that CH had no apparent effect on the induction and differentiation of callus in kiwifruit (Actinidia chinensis) [12] . In the present study, the results suggested that CH had a significant inhibition effect on the callus induction of M. specisoa.
The formation of callus in kiwifruit could be facilitated with the addition of low concentrations of CuSO 4 in mediums, but when the CuSO 4 concentration exceeded 2.0 mg/L, the callus induction rate was markedly reduced [13] . Further studies had shown that the callus induction effect of CuSO 4 in rubber tree (Hevea brasiliensis) was promoted at a low concentration and inhibited at a high concentration [14] . In our study, the results indicated that the low concentration of CuSO 4 had no prominent effect on the callus formation of M. specisoa, but the high CuSO 4 concentration significantly inhibited the formation of callus.
Summary
Several factors were discussed in this paper. Our results revealed that the callus formation from M. specisoa leaves could be facilitated by adding suitable concentration of AgNO 3 into the basal medium, while increasing concentrations of casein hydrolysate and CuSO 4 could not enhance the callus induction rate and the production of callus was restrained.
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